Computed tomography (CT) is one of the most important diagnostic X-ray procedures which plays an important role in increasing the patient dose values. The purpose of this clinical study was to evaluate the efficacy of vitamins E and C in lowering down the level of DNA double strand break (DSB) caused by CT scan. Sixty patients for abdomen/pelvic enhanced CT scan were randomly assigned to placebo (control), vitamin C, and vitamin E groups.
annual increase rate of CT scan usage is approximately 10% yearly, and it currently accounts for over 50% of the population's radiation exposure (8) . Endogenous oxidative stress after radiation exposure induces different DNA damages including base damage, single-strand breaks (SSB), and double-strand breaks (DSB). Any defect in the repair of DSB can lead to genetic damage resulting in malignancy in the future (9, 10) . Phosphorylation of histone variant (H2AX) is a very sensitive biomarker for the quantification of DSBs in peripheral blood lymphocytes. Immunofluorescence microscopy of this phosphorylated histone, known as γ-H2AX, can be used to screen the DSB induction and reparation (11) . CT data have shown that the number of γ-H2AX depends linearly on the dose-length product (DLP) (10) (11) (12) ; hence, increasing the patient's dose would increase the number of DSBs.
In addition, many imaging modalities, such as angiography, urography or CT need to use iodinated contrast medium before and during the irradiation, while allergic reactions and kidney failure of these contrast media have been reported in previous studies (13, 14) . Furthermore, it has been reported that administration of iodinated contrast medium increases the DSB in peripheral blood lymphocytes (15) (16) (17) (18) .
Moreover, antioxidants have been proven to be effective in reducing the harmful effects of radiation (19) (20) (21) . It has been shown that different antioxidants reduce the number of DSBs in diagnostic dose range (22) (23) (24) . However, there are few studies which have assessed the effects of antioxidants on radiation damages induced by diagnostic dose and their abilities have only been proven in in vitro studies (18, 22, 25, 26) . Hence, the current study aimed to investigate the effect of vitamins C and E on the number of γ-H2AX foci in blood lymphocytes of patients undergoing diagnostic CT examinations with iodinated contrast medium.
Materials and Methods

Study design
The current study was carried out after obtaining the approval from the ethics review Center. The number of patients enrolled in this study was similar to some other clinical studies on CT procedures (10, 12, 15) . All patients were scheduled for abdomen/pelvic enhanced CT, and were classified into three groups of placebo (group A, as control), vitamin C (group B), and vitamin E (group C). The patients with a history of leukemia or lymphoma, blood disorders, former radiation therapy or chemotherapy, a previous history of exposure to any radiological procedures or nuclear medicine studies within 3 days, and smoker patients were excluded from the current study. Demographic data and dosimetric information of the patients participated in this study are listed in Table 1 .
The antioxidants used in the current study included vitamins C and E which their concentrations were selected based on the package insert (PI). Therefore, the dose of vitamins was determined according to the recommended daily intake (RDI) that was also used in a previous study (23) ; so that it has the minimum recommended intake. Therefore, the final concentrations of vitamins C and E were 500 mg and 400 mg, To obtain DSB base level, the first blood sample from each subject was drawn from the Then, volume CTDI (CTDIvol) and dose length product (DLP), which represent the total dose received by the patient (27) , were calculated for all of the patients.
Sampling process and immunofluorescence analysis
The peripheral blood samples (before and after the CT scan) were transported to laboratory at 4 °C and were proceeded quickly. The volume of 2. Granulocytes and monocytes were deleted by morphological criteria and, finally, the average number of foci/cell was calculated. 
Statistical analysis
This study was performed in completely randomized design experiment. Mean differences of the DSBs/cell values of each group (before and after CT scan) were tested with paired samples ttest and comparisons of change scores between the treated and the control groups were performed by a one-way ANOVA. The significant difference was set at P <0.05. Data were expressed as means ± standard error on the mean (SEM).
Results
Sixty patients were entered into the study from with iodinated contrast medium. In this study, the γ-H2AX method was used to evaluate the radiationinduced genetic damages as it is an easier and more 2 . The average number of γ-H2AX-foci in control, vitamins C and E groups before and after the CT scan. *represents statistically significant difference. There was a statistically significant difference in number of gamma-H2AX foci/cell before and after the CT scan in control, vitamins C and E groups. Moreover, there was a statistically significant difference in number of gamma-H2AX foci/cell after radiation exposure in the control group compared to the vitamin E group.
compound (22) The findings of the current study showed that vitamin E can reduce the number of foci by 22% in comparison with the control group.
In two recent studies, it was reported that antioxidant compounds have more efficacy after 1 h incubation (22, 23) ; hence, in the current study, the effectiveness of vitamins E and C was examined 1 h after the administration. 
